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Abstract
Background: Healthful diet quality has been associated with a lower risk of metabolic syndrome (MetS) in several
populations, but reports on Hispanic and Latino cohorts, grouped or by ethnic background, have been limited and inconsistent.
Objective: We aimed to examine diet quality by using the 2010 Alternate Healthy Eating Index [(AHEI) range: 0–110,
lowest to highest quality] and its cross-sectional association with MetS and its cardiometabolic components across 6
Hispanic and Latino backgrounds.
Methods: We studied 12,406 US Hispanics and Latinos, aged 18–74 y and free of diabetes, from the multicenter,
population-based Hispanic Community Health Study/Study of Latinos cohort. Food and nutrients were assessed from two
24-h recalls. MetS was defined by using the 2009 harmonized guidelines. Complex survey procedures were used in
multivariable-adjusted linear regression models to test the association of the AHEI with continuous markers and in logistic
regression models with MetS as an outcome.
Results: The prevalence of MetS was 24.2%. Overall, Hispanics and Latinos had low scores for intakes of sugar-sweetened
beverages and fruit juices,whole grains, and fruit and favorable scores for trans fats and nuts and legumes, according toAHEI criteria.
AdjustedmeanAHEI and its individual components differed by ethnic background (P<0.001), ranging from43.0 for Puerto Ricans to
52.6 for Mexicans. Overall, adjusted odds (95%CIs) of havingMetS were 22% (9%, 33%) lower for each 10-unit increase in AHEI.
This association wasmodified by ethnic background (P-interaction = 0.03), with significantly lower odds observed only forMexicans
(30%; 95%CIs: 13%, 44%) andCentral Americans (42%; 95%CIs: 9%, 64%) for each10-unit increase inAHEI. AHEIwas inversely
associatedwithwaist circumference, blood pressure, and glucose amongMexicans and Puerto Ricans andwith triglycerides among
Mexicans only, and positively associated with HDL cholesterol among Puerto Ricans and Central Americans (all P < 0.05).
Conclusions: Diet quality differed by Hispanic or Latino background. Although healthier diet quality was associated with
lower odds ofMetS in the overall Hispanic and Latino cohort, the association of AHEI and cardiometabolic factors varied by
ethnic background. Nutrition-related research and interventions among ethnically diverse groups should consider
individual ethnic backgrounds to optimally address diet quality and cardiometabolic health. This trial was registered at
clinicaltrials.gov as NCT02060344. J Nutr 2016;146:2035–44.
Keywords: metabolic syndrome, diet quality, Hispanics, Latinos, cardiometabolic risk factors, HCHS/SOL,
health disparities, race/ethnicity, minority health
Introduction
A disproportionate burden of type 2 diabetes and cardiovascular
disease (CVD)15, as well as their intermediate biological risk
factors, has been noted among US Hispanic and Latino adults.
The prevalence of diabetes in this adult population has been
estimated to be between 11% (1) and 17% (2), and in 2015, 48%
of Hispanic and Latino men and 32% of women had CVD (3).
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Metabolic syndrome (MetS) is a cluster of cardiometabolic risk
factors that has been associated with twice the risk of CVD and
nearly 5 times the risk of diabetes (4, 5). Consequently, a call to
recognize MetS in clinical and public health practice has been
put forth by multiple agencies (5).
Current reports show that the profile of cardiometabolic risk
factors differs significantly across US Hispanic and Latino
backgrounds (6–10). For example, adults aged 18–74 y of South
American or Dominican backgrounds tended to have the lowest
prevalence of MetS (27% and 31%, respectively), whereas
Puerto Rican women had the highest (41%) (10). It has been
posited that CVD-prevention strategies and clinical manage-
ment should focus on addressing the high rates of multiple risk
factors presented by Hispanics and Latinos as a group, as well as
by individual ethnic background (8, 10).
Following an overall healthy diet is a recognized strategy to
prevent cardiometabolic risk. Overall diet can be assessed by using
composite evidence-based scores that comprise multiple nutrients
and food groups, such as the Alternate Healthy Eating Index
(AHEI). There is strong evidence of associations between higher
AHEI (which reflects better diet quality, based on current evidence)
and lower risk of diabetes, CVD, andMetS (11–15). Some of these
studies reported stronger associations with chronic disease risk
with the AHEI thanwith other diet quality scores (12, 13, 15). This
is likely because the AHEI includes specific foods and nutrients,
such as legumes, sugar-sweetened beverages, and red or processed
meats, which have a role in the development of chronic disease but
are absent or incorporated within general food groups in other diet
scores (15). However, few studies, to our knowledge, have looked
at the association between diet quality and cardiometabolic risk
factors among Hispanics and Latinos, and the results have been
inconsistent. One study found a significantly lower risk of diabetes
for Hispanic and Latino women in the highest quintile of AHEI
(16), whereas other studies found null associations between diet
quality and obesity markers (17) or CVDmortality (18). Analysis
by Hispanic or Latino background was not conducted in these
studies. Moreover, although some variation in intakes of individ-
ual nutrients and foods by Hispanic or Latino background has
been reported (19, 20), systematic reports of diet quality by ethnic
background are scarce (6).
It remains unknown whether there are ethnic background–
specific differences in diet quality and whether these would
translate into observed differences in cardiometabolic risk profile.
Thus, we aimed to compare diet quality, as measured by the AHEI,
and to determine its association with MetS and its cardiometabolic
components across 6 Hispanic and Latino backgrounds, with
the use of a large, multiethnic US Hispanic and Latino cohort. The
hypothesis was that both diet quality and the strength of the
association between AHEI and MetS would vary by ethnic
background. Ethnicity-specific analyses may help clarify inconsistent
results of diet-disease associations that have been reported among
aggregated Hispanic and Latino populations. Moreover, recommen-
dations to improve diet quality for chronic disease prevention may
need to be tailored specifically to each Hispanic or Latino group.
Methods
Study population. The Hispanic Community Health Study/Study of
Latinos (HCHS/SOL) is a community-based prospective cohort study in
16,415 individuals who self-identified as having Hispanic or Latino
ethnicity (hereafter referred to by using their country of origin), aged
18–74 y, from randomly selected households in 4 US field centers
(Chicago, Illinois; Miami, Florida; Bronx, New York; and San Diego,
California) with baseline examinations (2008–2011) and yearly tele-
phone follow-up assessments (21). Baseline data were used for this
analysis.
Recruitment involved a stratified 2-stage area probability sample of
household addresses in each field center (22). Individuals from identified
households were contacted and screened for eligibility (living in the
household, aged 18–74 y, ability to attend a clinic visit, and not planning
to move within 6 mo). All participants signed an informed consent. The
institutional review boards of each field center, coordinating center,
reading centers, and the National Heart, Lung, and Blood Institute
approved this study. The trial was registered at clinicaltrials.gov as
NCT02060344.
Data collection. The detailed methodology was described previously
(6, 21). Briefly, participants visited one of the centers where all clinical
assessments and interviews were conducted by centrally trained person-
nel, in the participants preferred language. The interview included
questions on demographic and socioeconomic characteristics, lifestyle
behaviors, acculturation, and self-reported medical history and medica-
tion use. Specifically, participants self-reported the total years of
schooling completed and the highest grade or level of education
achieved, the household income earned in 1 y, and the years living in
the United States for those not born in the United States (equivalent to
the age of the participant if born in the United States). Number of years
living in the United States was used as a proxy measure of acculturation;
other measures probed included being born in the United States,
generational level (i.e., first, second, third, or fourth generation, based on
place of birth of participant, parents, and grandparents), and language of
preference. Physical activity was assessed by using the Global Physical
Activity Questionnaire, and self-reported hours of activity and sedentary
behavior were converted into metabolic equivalents and categorized as
high, moderate, or low levels.
Waist circumference was measured at the horizontal line just above
the uppermost lateral border of the right ilium by using an anthropo-
metric tape. Blood pressure was measured in triplicate with an automatic
sphygmomanometer after a quiet rest, and was averaged. Fasting blood
samples were collected soon after arrival and shipped to the central
laboratory for analysis. A Roche Modular P Chemistry Analyzer was
used to analyze serum TGs, serum HDL cholesterol, and plasma glucose
(Roche Diagnostics). All field center procedures and laboratory proto-
cols are published online (23).
Dietary assessment and exposure definition. Methods for dietary
data collection have been published (19, 24). Briefly, two 24-h recalls
were administered, 1 in-person at the baseline visit and 1 via telephone or
in-person within 5–90 d, usually after the baseline visit. More than 88%
of the second recalls were unannounced and were scheduled by field
center staff with the goal of distributing them throughout all days of the
week. The rest of the second recalls were scheduled at the participants
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Lung, and Blood Institute (NHLBI). The Hispanic Community Health Study/Study
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University of Miami (N01-HC65234), Albert Einstein College of Medicine
(N01-HC65235), Northwestern University (N01-HC65236), and San Diego State
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convenience. Recalls with energy intakes below the sequence sex-specific
first percentile or >99th percentile, or that were unreliable according to
the interviewer, were excluded. Participants estimated portion sizes with
the use of food models (in-person) and a food-amount booklet (for
telephone interviews). Foods and nutrients were analyzed by using the
multiple-pass methods of the Nutrition Data System for Research
software version 11 from the Nutrition Coordinating Center at University
of Minnesota, which includes Hispanic and Latino foods. Although
underreporting of energy and protein intakes and overreporting of protein
density have been shown in an ancillary study of this cohort (24), this is a
common occurrence across nutritional studies that does not diminish the
value of self-reported dietary data (25).
The 2010 AHEI comprised 11 dietary components with evidence of
association with chronic diseases (11, 15). Four steps were followed to
calculate the index. First, each component was created by adding the
corresponding Nutrition Data System for Research food subgroups at
the dietary recall level. The components, cutoffs, and portion sizes used
to define the AHEI are described in Supplemental Table 1. Second,
predicted usual-intake amounts for each AHEI component were estimated
by using the National Cancer Institute method (26), which accounts for
within- and between-person variance components and corrects for the high
intraindividual variation intrinsic to 24-h recalls. Third, each component
was scored from 0 to 10 as continuous (prorated intermediate values) from
minimal tomaximal observance of the recommended amount of each item.
Last, individual component scores were summed. Possible scores for the
AHEI range from 0 to 110 (unhealthiest to healthiest).
MetS definition. A dichotomous variable for MetS (yes or no) was
defined following the harmonized guidelines from the 2009 Joint Scientific
Statement (5). MetS was assigned to participants who met $3 of the
following criteria: abdominal obesity by using thresholds corresponding
to US populations for consistency and comparability (>102 cm in men,
>88 cm in women), elevated blood pressure (>130/85 mm Hg) or the use
of antihypertension medications, high TGs [$1.28 mmol/L (150 mg/dL)],
low HDL cholesterol [<1.03 mmol/L (40 mg/dL) in men, <1.28 mmol/L
(50 mg/dL) in women], and impaired fasting glucose [$5.8 mmol/L
(100 mg/dL)] or the use of antidiabetic medications. Analyses were
repeated by using the International Diabetes Federation definition of MetS,
which defines abdominal obesity by using lower thresholds ($94 cm in
men, $80 cm in women), as recommended for populations of European
and sub-Sahara African heritages, plus 2 other components equivalent to
the additional 4 markers included in the harmonized definition (27).
Statistical analysis. We excluded participants with diabetes based on
self-report or laboratory values (2) (n = 3,383), who reported multiple or
other Hispanic or Latino ethnic backgrounds (n = 436), or those with
missing data on diabetes status (n = 23), AHEI (n = 145), or ethnic
background (n = 22). Thus, 12,406 participants were included in this
analysis. Participants with diabetes were excluded because MetS is a
strong risk factor for diabetes (4, 5). In addition, those with diagnosed
diabetes or prediabetes tend to have healthier dietary habits (28, 29),
which may lead to reverse causation in cross-sectional analysis.
Participants with multiple or other backgrounds were excluded to avoid
heterogeneity in diet and MetS, on the basis of our hypothesis that these
would differ by specific ethnic background.
Differences in characteristics by ethnic background and by tertile of
AHEI were performed by using survey regression for continuous varia-
bles and chi-square tests for categorical variables. Age-adjusted means
(prevalence estimate) were estimated by using the weighted average age of
the sample (39 y). The P-trend by tertile of AHEI was determined by
assigning the median of each category to a participant in the respective
tertile, then entering the resulting continuous variable into the model.
Differences in nutrient and food-group composition by ethnic background
were tested by using survey regression, adjusted for age, sex, household
income, marital status, educational attainment, years living in the United
States, physical activity, smoking status, center, and energy intake, with
Tukeys adjustment for multiple comparisons. Age-adjusted probability
density distribution of AHEI by ethnic background and center (to discern
the influence of location singly and across backgrounds) was obtained by
using the SAS SGPLOT procedure (SAS Institute).
Survey linear regression analysis was used to determine associations
between each 10-unit increase in AHEI as a continuous exposure and
each component of MetS as a continuous outcome. Standardized
b-coefficients were calculated for each model by dividing the original
parameter estimate by the ratio of the sample SD of the dependent
variable to the sample SD of the independent variable. Standardized
coefficients were used to compare the magnitude of associations for
exposures of different units. Values of TGs were log-transformed to
attain normal distribution. Model covariates were selected a priori on
the basis of previous reports and potential for confounding and included
those described above as well as health insurance status, antihypertensive
medication for blood pressure, and lipid-lowering medication for TGs
and HDL cholesterol. Associations between each 10-unit increase in
AHEI with MetS as a dichotomous outcome were tested with survey
logistic regression models fitted to estimate ORs and 95%CIs, controlling
for the same covariates except for medications. The interaction term
between AHEI and ethnic backgroundwas tested in regressionmodels. All
analyses accounted for clustering and stratification and were weighted to
adjust for sampling probability of selection and nonresponse with the use
of complex survey procedures in SAS software version 9.4 (SAS Institute).
A significance level of P < 0.05 was used.
Results
Sociodemographic and health characteristics of HCHS/SOL
individuals by ethnic background are shown in Table 1 and by
tertile of AHEI in Supplemental Table 2. Mexicans comprised
the majority of the sample and had higher incomes and physical
activity level but lower educational attainment than other
groups. Puerto Ricans were more likely to be single, smoke, have
health insurance, have been living in the mainland United States
for longer (as expected, given their US citizenship), and have
higher waist circumference and lower HDL cholesterol. Few
Dominicans were current smokers, and they had significantly
lower TGs and fasting glucose and higher HDL cholesterol than
did the other Hispanic and Latino groups. Nearly 1 in 4 individ-
uals met the criteria for MetS, but the prevalence differed signif-
icantly by ethnic group, ranging from 17% in Dominicans to
nearly 30% in Cubans.
The age-adjusted probability density plots of AHEI showed
differences in the distribution of AHEI by ethnic background,
with the curve positioned to the right for Mexicans (higher
AHEI) and to the left for Puerto Ricans (lower AHEI) (Figure
1A). Only 4.3% of Puerto Ricans and 6.1% of Cubans were
within the top AHEI tertile (of the entire population), compared
with 46.6% of Mexicans (Supplemental Table 3). The distribu-
tion of AHEI score for San Diego shifted to the right, indicative
of higher dietary quality, compared with the Bronx and Miami
(Figure 1B). When contrasting the 2 largest ethnicities in cities
with $5% of the population represented by that ethnicity, the
AHEI distribution remained higher for Mexicans and lower
for Puerto Ricans regardless of location, although 17.4% of
Mexicans in the Bronx compared with 59.3% in Chicago were
within the top AHEI tertile (Figure 1C, Supplemental Table 3).
Means for AHEI and its components across ethnic back-
grounds are shown in Figure 2. Specific mean values for scores
and intakes are presented in Table 2. Mean 6 SE AHEI differed
significantly by background (P < 0.0001 for all pairwise compar-
isons), and ranged from 43.06 0.2 in Puerto Ricans, 45.0 6 0.3
in Cubans, 47.06 0.3 in South Americans, 49.06 0.2 in Central
Americans, 51.0 6 0.2 in Dominicans, and 52.6 6 0.2 in
Mexicans. Overall, most ethnicities had unhealthy intakes of
sugar-sweetened beverages and fruit juices, whole grains, and whole
fruit and favorable intakes of trans fats and nuts and legumes.
Individual food and nutrient components of the AHEI varied
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significantly by ethnic background. Among those excluded from
the main analysis, participants with multiple or other ethnicities
had a mean 6 SE AHEI of 49.4 6 0.34 and participants with
diabetes had a significantly higher mean AHEI than did those
without diabetes (48.9 6 0.2 compared with 48.4 6 0.3;
P = 0.005) after adjusting for sociodemographic and lifestyle
behavioral factors (data not shown).
The P-interaction between AHEI and Hispanic or Latino back-
ground was significant (P = 0.03), suggesting variation in the
association of diet and MetS across ethnic backgrounds; thus,
stratified analyses were conducted. Each increase of 10 units in
AHEI was associated with 22% lower odds (95% CI: 9%, 33%;
P = 0.001) of havingMetS for all Hispanics and Latinos (Table 3),
after covariate adjustment. The strength of the association
varied by ethnic background and remained significant for Mex-
icans and Central Americans but not for those of the other
backgrounds. Results that used the International Diabetes Feder-
ation definition of MetS were similar (data not shown). When we
analyzed the association between AHEI andMetS for participants
with diabetes, we observed nonsignificant (P = 0.18) odds of
having MetS (OR: 0.83; 95% CI: 0.63, 1.09; data not shown).
Overall, a higher AHEI was significantly associated with all
cardiometabolic risk factors except for systolic blood pressure
(Table 3). The AHEI was inversely associated with waist
circumference, blood pressure, and glucose for Mexicans and
Puerto Ricans and with TGs for Mexicans, and was positively
associated with HDL cholesterol for Puerto Ricans and Central
Americans. Standardized measures showed that associations
TABLE 1 Sociodemographic characteristics and cardiometabolic components of Hispanic and Latino adults without diabetes by ethnic
background: HCHS/SOL 2008–20111
Mexicans Puerto Ricans Cubans Dominicans Central Americans South Americans All
Participants, n (%) 5067 (40.8) 1944 (15.7) 1892 (15.3) 1175 (9.5) 1402 (11.3) 926 (7.5) 12,406
Age, y 36.6 (35.9, 37.3) 40.3 (39.2, 41.3) 43.8 (42.8, 44.8) 36.7 (35.5, 37.9) 37.5 (36.6, 38.3) 40.7 (39.3, 42.1) 39.0 (38.5, 39.5)
Females, % 53.3 48.0 47.1 61.0 51.1 54.1 48.2
Educational attainment
No high school or GED 33.6 34.2 19.5 33.6 36.0 20.6 30.3
High school or GED 31.3 28.5 31.1 25.0 27.4 26.8 29.6
Above high school or GED 35.0 37.3 49.4 41.4 36.6 52.6 40.1
Annual income, %
#$20,000 36.2 43.3 44.0 46.1 47.3 39.2 41.0
$20,001–$40,000 34.8 26.1 26.6 30.7 29.1 35.4 30.9
.$40,000 23.8 21.9 13.3 12.7 11.9 17.7 18.9
Not reported 5.2 8.7 16.1 10.5 11.6 7.7 9.2
Current smoker, % 18.1 34.7 27.4 11.3 15.6 12.6 21.5
Physical activity level,2 %
High 16.7 15.7 9.1 13.6 15.3 12.5 14.3
Moderate 47.4 47.1 39.9 47.2 45.5 48.1 45.7
Low 35.6 36.7 50.5 38.1 38.5 39.0 39.5
Marital status, %
Single 30.5 50.4 28.0 49.5 41.2 31.8 36.1
Married or with partner 58.2 32.8 52.0 36.4 45.9 49.4 49.1
Separated, divorced, or widowed 11.3 16.8 19.8 14.1 12.5 18.7 14.7
Health insurance, % 41.0 74.9 38.1 65.1 28.9 38.1 47.2
Center, %
Bronx 8.8 71.7 1.7 94.5 19.5 23.6 28.1
Chicago 25.7 20.9 0.7 0.9 14.6 21.0 16.1
Miami 1.3 4.5 97.1 4.4 62.4 51.0 29.4
San Diego 64.2 2.8 0.5 0.2 3.6 4.4 26.4
Years living in mainland United States 19.9 (19.3, 20.6) 31.9 (30.9, 32.9) 11.5 (10.4, 12.5) 18.0 (17.0, 18.9) 14.7 (13.8, 15.6) 13.0 (12.1, 13.9) 19.1 (18.5, 19.8)
Waist circumference, cm 96.8 (96.2, 97.5) 97.7 (96.5, 98.8) 95.0 (94.1, 95.8) 95.0 (93.3, 96.6) 94.1 (93.2, 95.0) 92.4 (91.2, 93.5) 95.9 (95.5, 96.4)
Systolic blood pressure, mm Hg 117 (116, 117) 119 (118, 120) 120 (119, 121) 121 (119, 122) 120 (119, 121) 116 (115, 117) 118 (118, 119)
Diastolic blood pressure, mm Hg 69.8 (69.3, 70.3) 72.8 (72.2, 73.5) 73.7 (73.0, 74.3) 73.9 (73.2, 74.7) 72.8 (72.0, 73.7) 69.5 (68.6, 70.4) 71.7 (71.4, 72.1)
Serum TGs, mg/dL 130 (126, 134) 122 (115, 130) 129 (123, 135) 102 (97, 106) 140 (134, 146) 125 (119, 131) 126 (124, 129)
Serum HDL cholesterol, mg/dL 49.0 (48.4, 49.5) 47.8 (46.7, 48.8) 47.8 (47.1, 48.5) 51.1 (50.1, 52.1) 48.8 (47.8, 49.7) 49.7 (48.7, 50.8) 48.8 (48.4, 49.1)
Fasting plasma glucose, mg/dL 93.7 (93.3, 94.0) 93.2 (92.5, 94.0) 93.9 (93.4, 94.4) 91.9 (91.2, 92.5) 93.9 (93.4, 94.4) 93.5 (92.8, 94.3) 93.5 (93.2, 93.7)
Metabolic syndrome3 22.7 26.9 29.6 17.3 23.7 20.3 24.2
1 Values are age-adjusted means (39 y) (95% CIs), except for age, unless otherwise indicated. All analyses were weighted to adjust for sampling probability of selection and
nonresponse. To convert TGs to mmol/L, multiply values by 0.0113. To convert HDL cholesterol to mmol/L, multiply values by 0.0259. To convert fasting blood glucose to mmol/L,
multiply values by 0.0555. All variables differed significantly by ethnic background (overall P , 0.001). GED, General Educational Development; HCHS/SOL, Hispanic Community
Health Study/Study on Latinos.
2 Physical activity was assessed by using the Global Physical Activity Questionnaire. Self-reported hours of activity at work, travel, and leisure, as well as sedentary behavior, were
converted into metabolic equivalents and categorized as high, moderate, or low levels, on the basis of number of days spent doing physical activity at each designated intensity
level.
3 Metabolic syndrome was defined by using the harmonized guidelines from the 2009 Joint Scientific Statement, including use of medication (5). The use of medications relevant
to the definition of metabolic syndrome was minimal for participants in this analysis because it excluded those with diabetes (use of diabetes medication was 0.2% and of
hypertension medication was 7.4%).
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between AHEI and waist circumference were stronger for Puerto
Ricans and with HDL cholesterol for Puerto Ricans and Central
Americans.
Discussion
We found that HCHS/SOL participants with varied US
Hispanic and Latino ethnic backgrounds differed in the quality
of their diets and the strength of association between diet quality
and MetS. Overall, each additional 10-unit increase in AHEI
(equivalent to 1 maximally scored component) was associated
with 22% lower odds of MetS. This estimates the potential
magnitude of benefit that could be obtained by modest
improvements in diet quality according to AHEI criteria. The
association between AHEI and MetS remained significant for
Mexicans and Central Americans but not for other back-
grounds, when examined separately. This suggests that the
dietary components included in the AHEI may be particularly
beneficial for MetS prevention for Mexicans and Central
Americans. The results agree with previous observations of
significant associations between diet quality constructs and
MetS in Mexicans (30) and Guatemalans (31). A study
conducted in Cubans showed an association between higher
AHEI and reduced 10-y predicted coronary heart disease risk,
but only in participants with diabetes (32); we excluded those
with diabetes in our study. Among individual cardiometabolic
risk factors, waist circumference for Puerto Ricans and HDL
cholesterol for Puerto Ricans and Central Americans were more
influenced by diet.
A healthy diet is generally effective in preventing cardiome-
tabolic conditions, so our results should not be interpreted as
diet being irrelevant for some Hispanic or Latino groups. Possible
explanations for the lack of associations in some groups could be
smaller sample sizes, misreporting of diet in some groups (24,
33), incomplete capture of specific traditional foods, or genetic
variations between ethnic backgrounds (34, 35) that may
translate into gene-diet interactions with differential pheno-
types. It is possible that other interactive or mediating factors are
operating. For example, we previously showed that the odds of
MetS were 31% lower for every 10-unit increase in diet quality
in men but not in women from a Puerto Rican middle-aged
cohort (36), which is similar in magnitude to the nonsignificant
results for Puerto Ricans in our study. The nonsignificant results
for Puerto Ricans were unexpected given the multiple cardio-
metabolic components strongly associated with AHEI in this
group, but effect modification by sex or age could be operating.
Finally, the use of a lower abdominal obesity criterion proposed
by the International Diabetes Federation did not alter the results
observed with higher thresholds recommended for US popula-
tions. There is no consensus on the most applicable thresholds
for waist circumference for Hispanics and Latinos, which are
likely influenced by their mixed racial/ethnic genetic profile.
Nonetheless, although different cutoffs may slightly alter prev-
alence estimates of abdominal obesity or MetS, associations
with cardiometabolic correlates tend to be unaffected (10).
Little information has been reported on differences in overall
diet quality across Hispanic and Latino background groups. Most
previous studies in the Hispanic and Latino population have either
reported on just one ethnicity or grouped them all together.
However, grouped reports should be interpreted with caution.
For example, NHANES studies that combined Hispanic and
Latino ethnicities concluded that the diet quality of all Hispanics
and Latinos is better than that of non-Hispanic whites (37, 38).
FIGURE 1 Age-adjusted probability density distributions of AHEI by
Hispanic or Latino background and center in HCHS/SOL individuals without
diabetes. Values are age-adjusted probability densities of AHEI. Vertical lines
represent tertile values of AHEI in the overall sample. (A) AHEI by Hispanic
or Latino background (sample sizes per background: Mexican = 5067,
Puerto Rican = 1944, Cuban = 1892, Dominican = 1175, Central American =
1402, and South American = 926). (B) AHEI by HCHS/SOL center (sample
sizes per center: Bronx = 2928, Miami = 3226, Chicago = 3113, and San
Diego = 3,139). (C) AHEI for Mexicans (dashed lines) and Puerto Ricans
(solid lines) by HCHS/SOL center with $5% of those of that ethnic
background living in that location (sample sizes per background by center:
Puerto Ricans in Bronx = 1289, Puerto Ricans in Miami = 63, Puerto Ricans
in Chicago = 567, Mexicans in Bronx = 175, Mexicans in Chicago = 1836,
and Mexicans in San Diego = 3021). AHEI, Alternate Healthy Eating Index;
HCHS/SOL, Hispanic Community Health Study/Study on Latinos.
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Such grouped-based conclusions may pertain to the predominant
background of the study population and not represent the
estimates and needs of distinct Hispanic and Latino ethnic back-
grounds with poorer dietary intakes. Indeed, the NHANES
Hispanic and Latino sample is predominantly composed of
Mexican Americans (39), who tend to have a higher diet quality
than other Hispanic and Latino groups, on the basis of the current
results and on another NHANES study that reported on Mexican
Americans exclusively (40). Moreover, grouped reports from
different source populations of Hispanics or Latinos may yield
disparate observations. For example, the Multi-Ethnic Study of
Atherosclerosis showed that, overall, Hispanics and Latinos had
the lowest AHEI among other major races/ethnicities (18, 41),
contrary to the findings mentioned above. Recruitment locations
and sociodemographic characteristics varied between the afore-
mentioned cohorts. Among other studies conducted for individual
Hispanic or Latino backgrounds, one study reported a mean
AHEI of 34 in Cubans, 10 points lower than in our sample (32).
Puerto Ricans have been shown to have poor diet quality with
the use of another index derived from evidence-based dietary
recommendations (36), similar to our findings.
Reports on individual foods and nutrients suggest differences
across US Hispanic and Latino ethnic backgrounds (19, 20);
thus, variations in diet quality components were to be expected.
Our results not only reflect shared traditional diet components
for all Hispanics and Latinos (e.g., legumes are a typical food
and ‘‘nuts and legumes’’ were rated fairly high) but also suggest
the need for ethnicity-specific dietary advice. Evidence-based
practices for successful, sustainable dietary interventions to
reduce the risk of CVD and related conditions among Hispanics
and Latinos focus mainly on the delivery strategies (e.g., use of
bicultural staff, appropriate settings, and social support) but also
recommend that the foods must be familiar and culturally
appropriate to the group (42, 43). Our study can help strengthen
these strategies by suggesting types of foods and nutrients to
be targeted for specific ethnic groups, for a deeper cultural
tailoring. Although we should reinforce overall healthy eating
habits for all Hispanics and Latinos (e.g., reducing sugar-
sweetened beverages and increasing whole grains and fruit),
additional emphasis could be placed on increasing intakes of
nuts and legumes and PUFAs among South Americans, reducing
sodium among Cubans, and increasing vegetable intake among
Puerto Ricans, for example. Taken together, our results support
a call from the American Heart Association (9) to avoid
generalizations on diet or cardiometabolic health for Hispanics
and Latinos as a whole, or as compared with other races and
ethnicities, on the basis of a singular background.
Our results also suggest that the geographical locations of
the field sites of this study have a role on diet quality. However,
Mexican diet quality remained generally higher, whereas
Puerto Rican diet quality remained poor in the 3 locations
analyzed. Although differences across sites are likely driven by
the ethnic majority of the site, other recognized factors such as
socioeconomic status, acculturation, regional differences in
food markets, and the built environment should be explored
further.
We excluded participants with diabetes from the analysis
because of the strong association of MetS with diabetes and a
potential healthier diet for those with the disease. Indeed, we
observed that HCHS/SOL participants with diabetes had slightly
higher AHEI scores than those without diabetes, suggesting that
individuals with the condition may be following a healthier diet
as part of diabetes management. Other studies found similar
results (28, 29), especially if the dietary advice was given by a
health care provider (44, 45). HCHS/SOL participants aware of
their diabetes status have been shown to have reduced carbo-
hydrate and sugar intake and increased monounsaturated fat
intake (46). Still, dietary intakes among Hispanics and Latinos
FIGURE 2 Mean AHEI and its components by Hispanic and Latino background in HCHS/SOL individuals without diabetes. Values are means6
SEs for the score of the overall AHEI and its individual components, adjusted for age, sex, household income, marital status, educational
attainment, years living in the United States, physical activity, smoking status, and center. In addition, nutrient and food group scores and intakes
were adjusted for energy intake. The AHEI score has a possible range of 0–110 points; each individual score ranges from 0 to 10 points. The AHEI
differed significantly by Hispanic or Latino background (P, 0.001). Sample sizes per background: all = 12,406, Mexicans = 5067, Puerto Ricans =
1944, Cubans = 1892, Dominicans = 1175, Central Americans = 1402, and South Americans = 926. AHEI, Alternate Healthy Eating Index; HCHS/
SOL, Hispanic Community Health Study/Study on Latinos; SSB, sugar-sweetened beverages.
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with diabetes remain poor (46). Given the critical role of diet on
glycemic control, clinicians caring for Hispanics and Latinos
should emphasize healthy dietary habits as part of diabetes
management. Finally, we observed null results for the analysis of
the association between AHEI andMetS for those with diabetes,
suggestive of reverse causation.
A limitation of this study is that its cross-sectional nature
cannot establish directionality between diet quality and cardio-
metabolic profile, although it is unlikely that diagnosis of MetS
conditions would lead to worse diet quality. Acquiring longitu-
dinal clinical and dietary data in this population is essential to
confirm the observed associations. The study collected only two
24-h recalls, and measurement error (24) may underestimate the
observed diet quality estimates and associations (25). We used
only 1 measure of diet quality, which was originally developed
from evidence gained from predominantly non-Hispanic white
cohorts. It is possible that other components of the traditional
Hispanic and Latino diet and important for their health are not
represented in the AHEI or that the predefined AHEI cutoffs and
weights for each component are less applicable to Hispanics
and Latinos. Thus, adapting or contrasting various indexes and
component weights by ethnic background may help to deter-
mine which ones have stronger associations with cardiometa-
bolic diseases.
Our study has several strengths. First, the HCHS/SOL is the
largest cohort of individuals of Hispanic and Latino origin in the
United States, and the study design and probability sampling
in urban areas with large ethnically diverse Hispanic and Latino
populations provide adequate representation.We expect that results
could be generalized to similar Hispanic and Latino communities,













Energy intake, kcal/d 2003 6 17.2e 2077 6 18.1d,e,f 2029 6 18.9 e 1956 6 20.3b,e 1870 6 17.3a,b,c,d,f 1973 6 18.9b,e
Total AHEI score 52.6 6 0.2 43.0 6 0.2 45.0 6 0.3 51.0 6 0.2 49.0 6 0.2 47.0 6 0.3
Vegetables (without potatoes)
Score 4.4 6 0.04b,c,d,e,f 3.3 6 0.04a,c,d,f 3.9 6 0.05a,b,e 3.8 6 0.05a,b,e 3.5 6 0.05a,c,d,f 3.9 6 0.06a,b,e
Servings/d2 2.2 6 0.02b,c,d,e,f 1.6 6 0.02a,c,d,f 1.9 6 0.03a,b,e 1.9 6 0.03a,b,e 1.7 6 0.02a,c,d,f 1.9 6 0.03a,b,e
Whole fruit (without fruit juice)
Score 3.0 6 0.05b,c,d 1.9 6 0.05a,d,e,f 2.0 6 0.08a,d,e,f 3.7 6 0.07a,b,c,e,f 2.8 6 0.06b,c,d,f 3.2 6 0.10b,c,d,e
Servings/d2 1.2 6 0.02b,c,d 0.75 6 0.02a,d,e,f 0.79 6 0.03a,d,e,f 1.5 6 0.03a,b,c,e,f 1.1 6 0.03b,c,d,f 1.3 6 0.04b,c,d,e
Whole grains
Score 4.9 6 0.08b,c,d,e,f 1.5 6 0.06a,c,d,e 1.2 6 0.08a,b,d,e,f 1.8 6 0.07a,b,c,e 2.7 6 0.06a,b,c,d,f 1.8 6 0.07a,c,e
Servings/d2 2.7 6 0.04b,c,d,e,f 0.84 6 0.04a,c,d,e 0.65 6 0.05a,b,d,e,f 1.0 6 0.04a,b,c,e 1.5 6 0.04a,b,c,d,f 0.98 6 0.04a,c,e
Sugar-sweetened beverages, fruit juices
Score 0.91 6 0.05b 0.66 6 0.06a,c,d,e,f 0.91 6 0.06b 1.1 6 0.07b 0.91 6 0.06b 1.01 6 0.07b
Servings/d2 1.8 6 0.04b,c,d 2.0 6 0.04a,c,d 1.5 6 0.05a,b,e,f 1.5 6 0.05a,b,e,f 1.8 6 0.04c,d 1.8 6 0.08c,d
Nuts and legumes
Score 6.5 6 0.08b,f 5.0 6 0.08a,c,d,e,f 6.2 6 0.09b,d,e,f 6.7 6 0.10b,c,f 6.7 6 0.08b,c,f 4.0 6 0.08a,b,c,d,e
Servings/d2 0.70 6 0.01b,f 0.51 6 0.01a,c,d,e,f 0.68 6 0.01b,f 0.71 6 0.01b,f 0.74 6 0.01b,c,f 0.39 6 0.01a,b,c,d,e
Red or processed meat
Score 3.8 6 0.05b,c 2.6 6 0.06a,d,e,f 2.5 6 0.07a,d,e,f 3.7 6 0.08b,c,e 4.0 6 0.05b,c,d 3.8 6 0.07b,c
Servings/d2 0.93 6 0.01b,c,d 1.2 6 0.01a,c,d,e,f 1.2 6 0.01a,b,d,e,f 0.98 6 0.01a,b,c,e 0.91 6 0.01b,c,d 0.94 6 0.01b,c
trans Fat
Score 8.0 6 0.02b,c,d,e 7.5 6 0.03a,c,d,e,f 8.2 6 0.03a,b,d,e,f 8.4 6 0.03a,b,c,e,f 7.9 6 0.02a,b,c,d 8.0 6 0.03b,c,d
% of energy 1.2 6 0.01b,c,d,e 1.4 6 0.01a,c,d,e,f 1.1 6 0.01a,b,d,e,f 1.1 6 0.01a,b,c,e,f 1.2 6 0.01a,b,c,d 1.2 6 0.01b,c,d
Omega-3 FAs
Score 3.4 6 0.05b,d,f 3.2 6 0.05a,d,e,f 3.2 6 0.06d,e,f 4.3 6 0.06a,b,c,e,f 3.6 6 0.06b,c,d,f 4.6 6 0.08a,b,c,d,e
mg/d 84.5 6 1.3b,d,f 80.0 6 1.2a,d,e,f 79.5 6 1.4d,e,f 107 6 1.6a,b,c,e,f 89.0 6 1.4b,c,d,f 116 6 1.9a,b,c,d,e
PUFAs
Score 5.5 6 0.03b,c,d,e 6.2 6 0.04a,d,e,f 6.1 6 0.04a,e,f 6.0 6 0.05a,b,e,f 5.7 6 0.03a,b,c,d,f 5.5 6 0.04b,c,d,e
% of energy 6.4 6 0.03b,c,d,e 6.9 6 0.03a,d,e,f 6.9 6 0.04a,e,f 6.8 6 0.04a,b,e,f 6.6 6 0.03a,b,c,d,f 6.4 6 0.03b,c,d,e
Sodium
Score 6.7 6 0.06b,c,d,f 6.0 6 0.06a,c,d,e 5.4 6 0.08a,b,d,e,f 6.3 6 0.07a,b,c,e,f 6.5 6 0.07b,c,d,f 5.8 6 0.07a,c,d,e
g/d 3.11 6 0.02b,c,d,f 3.31 6 0.02a,c,e 3.49 6 0.02a,b,d,e,f 3.26 6 0.02a,c,e,f 3.16 6 0.02b,c,d,f 3.35 6 0.02a,c,d,e
Alcohol
Score 5.5 6 0.08b,e 5.0 6 0.10a,f 5.4 6 0.09e 5.4 6 0.11e 4.8 6 0.08a,c,d,f 5.5 6 0.08b,e
Drinks/d2 0.35 6 0.02b 0.26 6 0.02a,d,f 0.34 6 0.02 0.38 6 0.02b,e 0.30 6 0.02d,f 0.36 6 0.02b,e
1 Values are means 6 SEs for the score of the overall AHEI and its individual components, with respective means 6 SEs of intakes below each food group or nutrient score.
Survey linear regressions were adjusted for age, sex, household income, marital status, educational attainment, years living in the United States, physical activity, smoking status,
and center. In addition, nutrient and food group scores and intakes were adjusted for energy intake. AHEI score represents a range of 0–110 points; each individual score ranges
from 0 to 10 points. AHEI was significantly different by background, P , 0.0001. Labeled means in a row with a common superscript letter differ by backgrounds (P , 0.05), after
adjustment for Tukeys multiple pairwise comparisons: aMexican, bPuerto Rican, cCuban, dDominican, eCentral American, fSouth American. AHEI, Alternate Healthy Eating Index;
HCHS/SOL, Hispanic Community Health Study/Study of Latinos.
2 Serving size equivalents are as follows: 0.5 cup of vegetables or whole fruit or legumes = 100 g; 0.5 cup of whole grains = 31 g; 8 ounces of sugar-sweetened beverages or fruit
juice = 250 mL; 1 ounce of red or processed meat = ;28 g; 1 standard drink (wine, beer, or liquor) = 14 g ethanol.
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but larger multiethnic studies across the United States should be
conducted to support this. Dietary assessment with 24-h recalls
has been deemed useful in providing details about foods con-
sumed, as well as culturally neutral data that can be compared
across cultural and population groups (25). In addition, the use
of an index that reflects the whole diet quality may convey
stronger associations with disease outcomes than individual
food or nutrient components (47). We adjusted for several
factors that may influence the studied associations, including a
proxy measure of acculturation (i.e., years of living in the
United States).
In conclusion, although healthier diet quality may protect
all Hispanics and Latinos against MetS, the strength of
association of AHEI and cardiometabolic factors varied by
ethnic background. The diverging results may explain why
some studies that group all Hispanics and Latinos when
analyzing associations between diet and disease outcomes can
have null or inconsistent results. Our study adds evidence that
can help shift the current paradigm of conducting observa-
tional and clinical studies on diet and lifestyles and disease in
Hispanics and Latinos together toward ethnicity-specific
analysis. A similar approach may be used for other multieth-
nic populations who tend to be grouped or to geographic
regions with diverse dietary habits. Successful dietary inter-
ventions for disease prevention are those that incorporate
culturally appropriate diet quality components (48). Our
study contributes to the understanding of ethnic differences in
diet and health and may therefore inform clinical and public
health strategies for each ethnicity to help improve diet
quality and to prevent eventual chronic conditions for the
growing population of US Hispanics and Latinos.
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